Abstract. The development, implementation and ownership of information sys-
I N T R O D U C T I O N
Managers responsible for forecasting the return from specific programmes, projects and new initiatives have experienced a growing awareness of the relevance of success metrics that elude financial quantification. Intangibles can tip the scale for (or against) the undertaking of a specific project assuming that they can be properly evaluated. In those cases where financial measures of project success are employed, information technology (IT) managers often use only easily estimable quantitative factors, primarily because these managers are often unable to capture many of the qualitative and intangible benefits that are expected (Farbey et al ., 1992) . Still, managers are tasked in increasing numbers with quantitatively justifying project investments as 'cost benefit analysis has assumed a pivotal position in the information systems revolution' (Sassone, 1988) . Sircar et al . (2000) discovered that IT investments have a strong positive relationship with sales, assets and equity, but not with net income. They also indicated that spending on IS staff and staff training is positively correlated with firm performance, even more so than computer capital. Analysis suggests that many of the derived benefits from information technology sys-tems are not accounted for as a result of the methods used to assess IT's impact on the organization (Cline & Guynes, 2001; Thatcher & Oliver, 2001) . The fact that 'many financial professionals believe that intangible assets are relevant to the understanding of a business firm's earning prospects and future cash flows' (King & Henry, 1999) provides evidence for the argument that intangible evaluation should be included in many project valuation settings. This problem has grown as IT departments have advanced beyond implementing transactionprocessing systems with relatively easily quantifiable returns to the implementation of management information, decision support and enterprise resource planning (ERP) systems, which provide returns that are more challenging to quantify. Given the size of IT capital investments and the increasing importance of intangibles in these investments, it is worthwhile to include these factors in IT project assessment.
This paper provides a case study in which the Personal Computer Company (PCC; the name is fictional, but the company is real), a manufacturer of personal and business systems, small servers and laptops, is building the business case for a very large ERP implementation project. PCC routinely uses standard cost-benefit techniques to assess large investments; however, in this case, PCC includes intangible factors within their financial analysis. It shall be observed that careful effort was invested into obtaining reasonable financial estimates for the benefit of improved user satisfaction on the return on investment measures using a specific quantification procedure. It is observed that, even in this rare case in which intangible benefits are incorporated into quantitative analysis, the technique is still limited to classes of intangibles that may be valued relatively easily.
D E F I N I T I O N A N D R E L E V A N C E O F T H E V A L U E O F I N T A N G I B L E S
Historically, the different treatment of tangibles and intangibles can be traced to the distinction between goods and services. As far back as Adam Smith, goods were material and could be stored, whereas services were immaterial and transitory. This transitory nature meant that services could not be counted as assets, but goods could. Logically, then, items that had been counted as investment must be tangible. This led to a definition of wealth as material objects owned by human beings. The concept that tangible, material goods constitute wealth underlies the national income accounting conventions used to determine asset value, profit, saving and investment. This logic fails to consider that many investments in today's economy are intangible and that these investments yield higher profits that translate to greater output and savings. One estimate suggests that an adjustment for R & D alone would raise US GDP roughly 1.5% (National Science Foundation, 1998) . This estimate suggests that, for many projects, the payback period would be reduced and the return to the business would become proportionally greater.
The new International Accounting Standard (IAS 38; International Accounting Standards are a set of globally accepted guidelines developed by the International Accounting Standards Board that seek to unify the way in which accounting information is reported. Additional information about IAS and the International Accounting Standards Board can be found at http:// www.iasb.org.uk) defines an intangible as an identifiable non-monetary asset without physical substance held for use in the production or supply of goods or services, for rental to others or for administrative purposes (Bradbury, 2001) . It is clear that this definition does not spell out the wide variety of intangibles that may arise in quantitative analyses. Certainly, many investments result in legally recognized intangible assets that can be effectively valued, including copyrights, e.g. Windows 2000, patents, e.g. Viagra, and improvements in processes and procedures for producing existing goods and services. However, how one effectively values the fuzzier assets of intellectual capital, intra-and interorganizational relationships, goodwill, organizational change and brand equity remains an open question.
Webster (1994) defines a tangible item as 'something that is capable of being appraised at an actual or approximate value'. This definition leaves open the question of whether 'value' refers to monetary worth or some other measure, e.g. customer satisfaction. Remenyi et al . (2000) admitted that there are different definitions of tangible and intangible benefits, and stated that 'a tangible benefit is one that affects the organization's bottom line'. This too leaves questions unanswered for, in general, there is no debate that customer satisfaction (somehow) affects financial measures of performance. According to Hares & Royle (1994) , 'an intangible is anything that is difficult to measure'. They argue that the boundary between tangible and intangible is fuzzy at best. In this paper, the definition of Remenyi et al . (1993) is used where 'a tangible benefit is one which directly affects the firm's profitability'. The word 'directly' in the definition makes drawing a precise line between tangible and intangible benefits challenging; however, it is clear that an activity resulting in direct cost reduction is more tangible than one that improves customer service. In this framework, quantifiable benefits are differentiated from tangible benefits in that quantifiable benefits may be measured easily but may or may not directly affect a firm's profitability (see Figure 1 for a framework based on Remenyi et al ., 1993) .
There is evidence that all business disciplines are grappling with the issue of valuing intangibles in monetary terms. In finance, the value of reporting has been called into question because the intrinsic value of the firm is much harder to determine for organizations with large numbers of knowledge workers, high R & D and fast-changing markets. In fact, studies are currently calling the generally accepted accounting principles (GAAP) into question (Condon, 1999) . GAAP states, for example, that money spent training staff is treated as an expense with no future value, yet businesses understand that the value of a well-trained staff exceeds the training expense. The existing accounting system is failing us (Cedar Group, 2001; Henry, 2001; Wallis, 2001) , suggesting that the value of people and expenses such as R & D are actually assets that are not easily counted and that the old accounting principles are creating a value gap. The statistics support this view. Additionally, Kennedy (2001) indicated a dual method for accounting that incorporates practices that could be adaptable to local regulations, including intangibles. Cooke et al . (2001) suggested that the key issues are the handling of taxation where intangibles are often problematic. Ryan & Harrison (2000) , in interviews with over 50 IT decision-makers, indicated that IT investments elude traditional valuation methods because of hidden costs and benefits. A recent Arthur Andersen study of 20 years of data from more than 10 000 publicly traded companies indicates that, between 1978 and 1998, the non-book value of all companies rose from 5% to 72% of market value, which implies that just 28% of value was reflected in the traditional balance sheet (Boulton et al ., 2000) Lev & Zarowin (1999) examined three foundational pieces of reported financial information (earnings, cash flow and book value) for thousands of companies and then correlated those values with changes in stock prices. Overall, they found that usefulness of financial information has been deteriorating over the past 20 years. They argue that the principal reason is that the costs associated with change in the form of restructuring and R & D investment are expensed immediately and that the benefits are experienced later. Easton (1998) presented a similar argument for large and small companies in Australia, stating that correlations between market measures and balance sheet information are spurious. Barth et al . (2000) agreed with the previous findings and suggested that intangible value is rarely accounted for or disclosed (especially for knowledge-intensive companies), so the financial reports reveal less about the value of some companies than about others.
Marketers also understand that organizational performance is increasingly tied to intangible assets such as customer relationships and brand equity. Lusch & Harvey (1994) observed that little has been done in the past 20 years to project more accurately the true asset base of corporations in the global marketplace. They indicate that this failure to understand the contribution of marketing activities to shareholder value continues to diminish the role of marketing in corporate strategy. Anderson & Narus (1996) illustrated how channel management through collaboration (an intangible asset) can improve customer service, thus improving customer satisfaction (another intangible).
Operations managers are also aware of the relevance of intangibles with respect to organizational effectiveness. Saaty (1998) called on quantitative researchers to make a fundamental paradigm shift. According to him, 'measuring intangibles is the most significant concern facing anyone who wants to grapple successfully with the mathematics of (problems that involve people and business)'. One of the major challenges for operations managers is in quantifying the linkage between product and service quality and economic measures. Athanassopoulos (1997) , for example, measured the quality of service provided in bank branches as one Remenyi et al ., 1993) . aspect of measuring organizational effectiveness, but failed to link satisfaction with financial performance. The lack of research linking standard service quality measurements such as SERVQUAL (Parasuraman & Grewal, 2000) to market measures indicates that managers still do not have the tools required to quantify the value of customer service properly.
In the technology arena, as in the business areas discussed above, many projects deliver benefits that cannot easily be quantified. These benefits include better information access, improved workflow and interdepartmental co-ordination, and increased customer satisfaction (Emigh, 1999) . These are also the features that are listed as key attributes of ERP systems (Mullin, 1999; Davenport, 2000) . ERP systems are implemented to integrate transactions along and between business processes. Common business processes include order fulfilment, materials management, production planning and execution, procurement and human resources. ERP systems enable efficient and error-free workflow management and accounting processes including in-depth auditing. These systems feature a single database to eliminate redundancy and multiple entry errors, and they provide in-depth reporting functionality. Finally, because of their role as the core transaction system, ERP systems provide information for effective decision-making on all organizational levels.
I N T A N G I B L E S I N I T A N D E R P P R O J E C T S
Determining the intangible benefits derived from information systems implementation has been an elusive goal of academics and practitioners alike (Davern & Kauffman, 2000) . Remenyi & Sherwood-Smith (1999) indicated that there are seven keys ways in which information systems may deliver direct benefits to organizations. They also indicated that information systems deliver intangible benefits that are not easily assessed. Nandish & Irani (1999) discussed the difficulty of evaluating IT projects in the dynamic environment, especially when intangibles are involved in the evaluation. Tallon et al . (2000) cited a number of studies indicating that economic and financial measures fail to assess accurately the payoff of IT projects and suggested that one means of determining value is through the perception of executives. They focused on the strategic fit and the contributions of IT projects but indicated that researchers need somehow to capture or represent better the intangible benefits of IT. Giaglis et al . (1999) discussed the problematic variables associated with qualitative (intangible) benefits in their assessment of information systems evaluations. Litecky (1981) stated that, despite the perceived importance of intangibles, there has been little if any guidance on the quantification of derived benefits. He proposed some assumptions as a precondition to quantifying benefits. First, both tangible costs and benefits are relatively easy to estimate, whereas intangible benefits are quite difficult to estimate. Secondly, tangible costs are ordinarily much greater than tangible benefits, and intangible costs are often insignificant. Parker & Benson (1988) explained that, in order for enterprises to gain competitive advantage, the way in which IT is justified financially must change. Classical quantitative techniques, e.g. cost-benefit analysis, are not adequate for the evaluation of IT applications, except when dealing with cost-avoidance issues, which generally occur at the operational level. If these methodologies are to be expanded, additional measures, such as the perceived value to the business, increased customer satisfaction and the utility of IT in supporting decision-making, must be considered (Katz, 1993) . Clark (1992) found little guidance on IT's contribution to corporate profits in the literature, but found firms focused on reliability of service, technical performance and business plan support, all items difficult to quantify accurately and express in financial terms. Other studies found varying measures used for IT assessment including productivity improvements, user utility, impact on the value chain, business alignment (Wilson, 1988) , system quality, information quality, system use and user satisfaction (DeLone & McLean, 1992) . Accampo (1989) contended that quantitative techniques can be hard to apply to activities in which information is the key commodity. Given that many of the measures found in the IS literature and listed above to evaluate system success are intangible, traditional methods of project evaluation fall short if these measures cannot be quantified in monetary terms. This problem becomes even more difficult when analysis encompasses changes to business processes and information flows that impact on productivity and decision support. Hares & Royle (1994) indicated that there are four main intangible benefits in IT investment. These are shown in Figure 2 . The first is internal improvement or infrastructure investment, and the second is related to customers. The latter, the customer-oriented intangible benefits, consists of those services that the customer sees now and wants in the future and includes customer service and user satisfaction. The third and fourth sets of intangibles are future oriented and include spotting market trends and the ability to adapt to change. Hares & Royle (1994) stated that the first set of ongoing intangible benefits are those concerned with internal improvement of company operations or performance. These include changes in production processes, methods of operations management and changes to production value and process chains with resulting benefits in increased output or lower production costs. The second group of ongoing benefits, customer-oriented intangibles, is more difficult to measure because their effectiveness is determined by external forces. The benefits of improving customer service are greater retention of customers and customer satisfaction. The third group of intangibles embodies the spotting of new market trends. If new trends can be anticipated, then technology may be able to transform or create products, processes or services to gain new sales and market position. The final group of intangible benefits is the ability to adapt to change. As with the identification of market trends, the benefits derived include adapting products and services to market trends and the modification of production processes -a critical ability for firms in rapidly changing industries. One way to interpret Hares & Royle's framework is by observing that intangible benefits are more difficult to measure as the time horizon over which they are being evaluated becomes longer. A second interpretation is that externally oriented factors, e.g. customer perceptions or market forces, are more difficult to assess than internal ones.
Irani & Love (2001) proposed a different framework for the challenges associated with categorizing benefits that is based on the work of Harris (1996) . In a case study of an MRP II investment, it was observed that, as one moves from strategically oriented IS projects through tactical to operationally oriented projects, the benefits accrued go from those that are generally intangible and non-quantitative in nature to more tangible and quantitative ones (see Figure 3 for the nature of strategic, tactical and operational benefits). Clemmons (1991) argued that 'evaluation of a system's development based on potential competitive impact is fundamentally different from cost'. According to Kaplan (1986) , discounted cash flow and other analytical techniques are consistently misused when applied to strategic IT investments. The observations of Clemmons (1991) and Kaplan (1986) are not surprising viewed in the light of the case study of Irani & Love (2001) . Projects that are strategic are more challenging to value in financial terms than those of an operational nature.
ERP system investments are strategic in nature, with the key goal often being to help a company grow in sales, reduce production lead time and improve customer service (Steadman, 1999a) . In fact, in a survey by Meta Group (Steadman, 1999b) , organizations turned up an average value of -$1.5 million when quantifiable cost savings and revenue gains were calculated against system implementation and maintenance costs. Improved customer service and related intangible benefits such as updated and streamlined technical infrastructure are important intangible benefits that organizations are often seeking when making these investments.
Shang & Seddon (2000) provided a comprehensive framework of the benefits of ERP systems. In their survey of 233 vendor success stories and 34 follow-up phone interviews from three major ERP vendors' web sites, they found that all organizations derived benefits from at least two of the five categories, and all the vendors' products had returned customer benefits in all five categories. Using these ERP benefits and the framework of Remenyi et al . (1993) (Figure 1 ), one may classify the benefits on a four-point scale as to their degree (low, some, mostly, fully) of tangibility and quantifiability. In Table 1 , the ERP benefits are cross-categorized according to this schema.
This section introduced the topic of intangibles and related the importance of intangibles and their valuation to information systems. Additionally, ERP system valuation was discussed, and a framework for categorizing those benefits introduced. The next section presents the case study methodology and argues why it is valid with a brief overview of the importance of user satisfaction in the IS arena. This is followed by the case of PCC examined in this study.
R E S E A R C H M E T H O D O L O G Y
Case study is now accepted as a valid research strategy within the IS research community (Klein & Myers, 1999) . A series of well-known research investigations (e.g. Sambamurthy & Zmud, 1999; Reich & Kaarst-Brown, 1999 ) have used the case method to develop and support a range of IS hypotheses. Case research moves away from rigour towards practicality, which may suggest more relevance for practitioners. The natural setting gives case researchers the opportunity to conduct situational and in-depth studies of complex phenomena that is not always possible because of the restrictions on studies conducted under laboratory conditions. In natural settings, researchers are able to explain more clearly the causal links through reallife interventions, describe the real-life context in which an intervention occurred and explore those situations in which the intervention being evaluated has no clear, single set of outcomes (Yin, 1990) .
To ensure the rigour and accuracy of information, the PCC case study used structured and semi-structured interviews, individual analysis of transcripts, which was later verified by other researchers and company managers, business case models and briefing information supplied by the company, and survey information obtained by the company from their suppliers and customers. During interviews with company officials, two researchers were always present. Sessions were recorded and transcribed by an independent service and then verified by both researchers and the company official (clarifications were made as necessary). Additionally, each researcher took notes during the interview. Those notes were later compared and matched against the transcript to ensure accuracy. Finally, all the material (including briefing notes, spreadsheets and business case models) obtained from company officials was integrated into the researchers' notes and transcripts. A follow-on interview was conducted with each official, who reviewed the information obtained during the initial session, confirmed the researcher's opinions and assumptions and answered any additional questions. The company's business case model was analysed by the researchers and incorporated into their findings. This model was reviewed before interviews and provided the basis from which researchers developed their questions for the semi-structured interview component.
User satisfaction measures focus on a broad range of computer functions (Zoltan & Chapanis, 1982) . Satisfaction has been used in the MIS literature as a surrogate for system success, especially in situations where use is mandatory. Baroudi & Orlikowski (1988) suggested that end-user satisfaction can be evaluated in terms of knowledge or the user's understanding of the system and its applications. A number of instruments have been developed for academic (Bailey & Pearson, 1983; Ives et al ., 1983; Doll & Torkzadeh, 1988) . For this study, the researchers used the customer satisfaction instrument, an internal form developed by the company and in use for a number of years. The form and data analysis were presented to the researchers; the company considers this information to be confidential and, as a result, only summary information is provided in this study. Although this study is presented as a single case study, during data collection and confirmation, the researchers interviewed officials and collected data from a variety of levels within the organization and across divisions within levels. The ability to gather data from multiple sources allows researchers and managers alike to confirm the accuracy of data as it is collected and to extend the depth of the analysis as insights are gained. Additionally, interviews conducted across organizational levels and functional areas provided the researchers with unique perspectives as to critical criteria towards project milestones and ultimate success. In essence, this study was more a multiple case study conducted simultaneously within a single organization. Although the researchers and, in fact, the organization came to a single conclusion, the understanding of the process and contributing factors was strengthened using the technique described. Without the multiple data collection criteria, the insights gained in the project would have been lost.
T H E C A S E O F P E R S O N A L C O M P U T E R C O M P A N Y
Personal Computer Company (PCC), a global personal systems hardware manufacturing, sales and distribution organization, had a successful history delivering and implementing a wide range of business solutions. In the early 1990s, PCC faced very significant challenges that included high operating costs, a bloated workforce and many redundancies across the globe in manufacturing, research and design, which had put the organization in the red. To revive its profitable legacy, PCC set forth a number of strategic imperatives that included firmwide cost reduction, reduction of product development and deployment cycle, marketing as a single global organization and streamlining the relationship between PCC and its customers. One part of implementing the plan for accomplishing these objectives was to put in place the integrated supply chain that would include procurement, production and order fulfilment processes.
In examining the costs of operating the company, among other items, PCC's corporate management found that IT expenditures were excessive. Like many other multinational organizations, PCC had, over the years, implemented and now operated a large number of nonintegrated information systems to support their business throughout the world. Management felt that reduction of a number of legacy systems could be achieved through the use of an integrated software solution, i.e. an ERP system. To accomplish their goal of reducing costs and integrating the supply chain, corporate managers established a relationship with a major ERP solution provider. Although corporate management moved ahead with these new initiatives, the operating problems, including inventory management and customer satisfaction, at PCC were only getting worse.
At the beginning of 1997, managers in charge of re-engineering the supply chain in PCC were directed to justify the large expenditure that would be required to implement the ERP system. The scope of the systems implementation project was to bring the ERP solution to the entire division, which included three major production facilities across the globe and various other smaller facilities. In their published internal documentation, PCC stated that the perceived benefits of implementing the ERP system would include:
• common processes across the globe; • centralized operations of PCC; • multilanguage and currency capabilities; • better tracking of inventory; • improved utilization of raw materials; • tighter integration of production with sales and distribution; • tax advantages through improved asset management; • removal of a number of existing legacy systems;
• improved development and support environment; • real-time functional system enhancement capability.
The first three benefits listed were considered strategic to PCC; instead of operating as separate companies in multiple geographies, PCC would now provide a single face to the customer globally. The next four would benefit operations by providing additional visibility to the supply chain, which would allow for improved ordering, inventory and demand management. Finally, the last three benefits listed here would significantly reduce costs of the IT function both in operations and with respect to future system enhancements.
Implementing ERP was a corporate initiative at PCC that had begun with the adoption of SAP in March 1995. Several divisions within the corporation had implementation projects ongoing, and this included one of PCC's facilities in Latin America. During this project a new leader (from the finance area) was put in charge of the division. He was concerned with the amount of money being spent to implement the ERP system and demanded that the team assemble a business case for the project. The results would either cause the project to be cancelled or convince the leadership that it should be completely supported. This business case was created as a joint effort between a finance department and the ERP implementation team.
To justify all investments, PCC regularly used a traditional cost-benefit analysis methodology. To use the cost-benefit analysis methodology, PCC needed to estimate the costs and expected financial returns over the expected life of the ERP solution. In the analysis, PCC management used three measures to evaluate project return on investment: net present value (NPV) based on discounted cash flow; internal rate of return (IRR); and payback period. The business case was built assuming a 10-year time horizon and, for acceptance, it would require a 20% hurdle rate for project acceptance on the IRR.
The tangible factors considered in PCC's business case can be summarized as inventory reductions, productivity improvements, tax and accounts payable benefits and IT operations cost reductions. The tangible costs included the cost of development and deployment and, for this, 'high-end' costs were used. These expenses were assumed to occur over the first three years of the 10-year time horizon. The cost of development and deployment was not discounted but, instead, expressed in actual terms. The cost of adapting the remaining legacy systems to the systems changes was not included in the business case.
To calculate the benefits, very conservative revenue growth and profit margin assumptions were made, and no benefit was assumed to commence until one year after implementation at each site. Productivity was measured by the manufacturing output per system user. Productivity in the production process was assumed to increase by 5% in years one and two after implementation and 10% per year thereafter. Similar figures (10% and 20%) were used for productivity improvements in order fulfilment. In the Latin American facility, no productivity improvements were included, because an earlier version of SAP R/3 was already installed.
The benefits associated with inventory were measured as a function of inventory turns-the inverse of the cycle time of an inventory unit. If turns improve, then inventory cycle time decreases, and the amount of inventory in process will decline. The ERP system was assumed to provide a one-time inventory reduction of 10% that would result from better management of parts inventories, and this was assumed to occur one year after implementation. The better management of parts inventories is the result of the availability of real-time information about current inventory levels and tighter integration with suppliers.
The other benefits included in the case study were IT operations, taxes and an accounts payable improvement. IT operations costs were assumed to decline as a result of a reduction in the number and complexity of systems in operation. Approximately 20 legacy systems were slated for shut down. Tax benefits were assumed to occur from the more effective management of assets, i.e. purchasing, which was formerly done by several systems, would now be streamlined using a single system that would allow for quantity discounts and quicker payment turnaround. During the analysis, management decided not to include the accounts payable benefit in the business case. The cost-benefit estimates resulting from the above assumptions are shown in Table 2 .
As illustrated in Table 2 , the result of the cost-benefit analysis indicates that the project's return on investment is within acceptable parameters of a positive NPV and an IRR of >20%. This alone would allow the project to proceed. PCC, on the other hand, decided to extend this conservative analysis to include intangible benefits [if the IRR had been below the hurdle rate, intangibles could become the factor(s) that determined project approval]. To accomplish the task of incorporating the intangible benefit of customer satisfaction (PCC queried their customers every six months to obtain an internal measure of customer satisfaction. As their customer satisfaction instrument is proprietary, the researchers were granted access to the instrument and data but were not allowed to include the instrument because of their nondisclosure agreement) into the financial analysis, a technique that bridges the gap between the intangible and tangible was required. Illustrated in Figure 4 , the quantification technique of Hares & Royle (1994) applies a set of steps to convert the intangible benefit into cash flow which can be incorporated into the cost-benefit analysis. The steps in Hares & Royle's procedure include: (1) identify benefits; (2) make the benefits measurable; (3) predict the results in physical terms; and (4) evaluate the cash flow resulting from this intangible benefit. Anandarajan & Wen (1999) provided a similar technique for accomplishing the financial quantification of intangible benefits through the use of panels of stakeholders in the development process. In this technique, panels are queried to assess a probability distribution for financial gain or loss associated with tangible and intangible factors. These probability distributions are used to run risk analyses on the individual factors and with respect to the overall project. Tayyari & Kroll (1990) argued that at least some intangible benefits can be quantified more easily (either financially or in some other way) using surrogate indicators that are measurable. For example, better levels of customer satisfaction could lead to fewer follow-up calls, which would result in a headcount reduction. Improvements on these quantifiable measures can be included in the analysis more easily as surrogates for the intangible. Demmel & Askin (1992) presented a hierarchical mathematical modelling approach that normalizes the objectives on strategic, tactical and operational levels to the same scale and optimizes to provide a ranking of project alternatives. However, this technique does not result in a financial measure that may easily be used by management for decision-making. Remenyi et al . (2000) stated that there are only two ways to put financial value on an intangible benefit -using negotiation or imputation. The negotiation method is the route that PCC chose (detailed below) as the method that would be viewed as most valid by senior management.
The literature suggests that intangibles can be converted into monetary terms through the ability to (1) maintain and increase sales; (2) increase prices; (3) reduce costs; and (4) create new business. Unfortunately, it is very difficult to convert a factor that is initially difficult to measure into a retrievable dollar amount at the bottom of an income statement. The procedure described below had been suggested by Hares & Royle (1994) and is used in this study by both the researchers and the organization's managers.
The first step of the Hares & Royle procedure to quantify intangible benefits is the identification of the benefit to be quantified. Two useful sources of information to assist identification include critical success factors (CSFs) and a checklist of intangibles. Long before PCC embarked on their ERP evaluation project, the company's managers knew that there were serious problems with customer satisfaction, and several of the proposed benefits of the project listed related to customer satisfaction. PCC had been monitoring customer satisfaction for some time using an annual survey with customers and suppliers, which indicated levels of satisfaction were down 21% and 15% respectively. Customers, in particular, had indicated that they had significantly better relations with PCC's competition. Realizing that sagging satisfaction would soon translate into smaller market share and falling profit margins, senior management ranked satisfaction improvement as a key goal during system evaluation.
The second step is to make the intangible benefits measurable . This consists of reexpressing the benefits described above in more measurable terms. It was opportune that PCC had been collecting performance metrics and benchmarking the current level of customer satisfaction for some time. The data that PCC was collecting included the satisfaction level with PCC compared with other suppliers of similar products. PCC managers felt strongly that, if customer satisfaction could increase, then sales revenue would follow and, hence, sales revenue was the number on which customer satisfaction improvement would be measured.
The third step is to predict the benefit in physical terms . This step can be quite difficult with the possibility of using many methods to convert measures into actual numbers. Reilly (1998) presented three methods to value proprietary technology (the market approach, the cost approach and the income approach), which will be the basis for the framework used here. The market approach involves investigating the benefits and costs of comparable projects in other organizations. The advantage of this method is that the firm gains from the lessons learned from the past exercise. The disadvantage is that past projects are conducted in alternative business environments, and the method uses backward-looking methodology. PCC had already finished a smaller but similar implementation project in another facility in its global network, but the customer satisfaction measures used by PCC were company wide so that the benefits in sales revenue could not be estimated in this way.
The cost approach attempts to estimate the benefits and costs of achieving the same functionality using alternative technologies, processes or human resources. This approach can be implemented using a survey of informed stakeholders in the ERP project. Surveys are attractive because (1) the perceptions of the company and customer can be aligned and an agreement of monetary equivalence can be attained; and (2) they can be forward-looking, which can lead to proactive actions to increase the value of the project. PCC did not use this approach either, because the possibility of using another technology was not an option as the corporation had already adopted SAP.
In the income approach, the goal is to find out how much additional income or less cost will result because of the new technology. In this method, one must obtain estimates from management as to the costs and benefits that will be realized. Senior management whose operations are supported by the project, but who are removed from project responsibility, should have a major role in generating these estimates. The problem with management estimates is that they are often based on past evidence and are therefore reactive; however, this was the process adopted by PCC.
To complete the conversion of customer satisfaction from an intangible to a measurable factor, PCC's IS department compiled a list of customer-reported system deficiencies from the last satisfaction survey. Upon completion of the deficiencies list, IS managers examined each item's performance in the current system and its expected result on the proposed ERP system (see Table 3 for a sample of the items). This procedure established a baseline from which the managers could project the level of satisfaction improvement once the new system was in place. Based on these performance improvements, managers throughout PCC and consulted internal customers projected that, once deployed, the ERP system could improve customer satisfaction by 5% initially and approximately 2% per year thereafter (assuming that expectations were met).
The next major task in this analysis was to predict the monetary value to PCC of an increase in customer satisfaction. This step was also accomplished through management interviews and surveys with PCC's key customers and suppliers. The managers undertaking this project were those most familiar with customers, particularly those in the sales and marketing organizations. The results of interviews with PCC's internal and external customers suggested that, for each 5% improvement in customer satisfaction, PCC could expect a 1% gain in market share. The results, although not quantitative, indicated that customer satisfaction increases could result in significant market benefits.
The final step in the quantification technique is the evaluation in cash flow terms . This is a simple mathematical process with the volumes from the previous steps related to the monetary value of the benefit. It is at this point that the technique can be merged with standard quantitative techniques and the outcome of the project's value can be measured. Based on the cash flow resulting from the customer market share improvements, the cost-benefit analysis was redone and the results appear in Table 4 . 
D I S C U S S I O N
In the face of significant threats to the bottom line, Personal Computer Company (PCC) management was asked to justify in economic terms a large and ongoing investment in an ERP solution. In the first cost-benefit analysis (Table 2) , PCC management used estimates of productivity, inventory and other savings resulting from more effective information systems operations to calculate the net present value (NPV) and internal rate of return (IRR) for the project. The NPV of productivity improvements and inventory reductions resulting from the new system implementation were estimated at $18.8 million and $49.1 million, respectively, over the 10-year time horizon used. The NPV for IT operations cost savings was estimated to be $23.4 million. The total NPV for the project was estimated to $28.1 million. Table 2 shows that the IRR for this project was estimated to be 39.2%. Using these estimates, the ERP implementation project appears to meet the hurdle rate criteria set by PCC management.
In a subsequent quantitative analysis, many of the same cost and benefit figures were used, and the intangible item of customer satisfaction was included. The assumption made by PCC management was that implementing the ERP system would have a significant and positive impact on customer satisfaction and hence improve the quantifiable item market share. This view was justified by ongoing customer surveys and data gathered through interviews with customers and sales managers. When customer satisfaction was factored into the equation, the new total NPV for the project increased to $228.9 million, with an IRR of 124%.
PCC's senior project managers reported that, at the inception of the project's evaluation, the company's executive management sought an economic analysis oriented towards bottom-line project returns. At the completion of their analysis, the evaluation team reported some of their concerns that could potentially affect their analysis. Their concerns included (1) long implementation lead times; (2) large initial investments for hardware and software; (3) increasing frequency of changes in technology; and (4) shortages of skilled technically knowledgeable personnel and knowledge workers. As a result of the successful evaluation and awareness of the related issues listed above, PCC's executive and senior project managers were better prepared to evaluate the project, able to reorganize organizational priorities and view the system's contribution holistically.
As a result of the evaluation and analysis, PCC's IS department was given approval to continue to implement the ERP application. The implementation of the system, including replacement of legacy hardware and software, was conducted on time and on budget. During its first year of operation, the ERP system contributed over $225 million in savings and productivity improvements, resulting in part from reduced IT operations and streamlined production processes. The results of the tangible and intangible cost-benefit analysis were convincing factors that led PCC to the decision to implement the system. Without the numerical results, executive management would not have agreed to continue to move the project forward regardless of anticipated benefits. Even with the analysis of tangible factors and the quantification of intangibles, there are many benefits of a large scale IS project that were not included in the overall business case.
Regardless of tangible or intangible benefits, it is progressively more difficult to measure managerial, organizational and strategic benefits than infrastructure or operational benefits. This has been an issue of debate since information systems advanced beyond transaction processing systems. In particular, with ERP systems, success has been determined based on the organization's acceptance of the changes that the system introduces. Publicized implementation failures have been caused not because the system failed to perform as designed or desired cost savings targets could not be obtained, but as a result of a failure to change the organization's culture or in business process redesign (BPR), organizational and strategic issues. Organizational and managerial classification benefits are not only the most difficult to obtain but also the hardest to quantify. As a result, we suggest that future research efforts focus on the three as yet untapped benefit categories -managerial, organizational and strategic.
The fact that PCC used intangibles in their project evaluation is critical and illustrates that organizations are attempting to extend traditional evaluation techniques. The organization and its managers recognized the importance of intangibles such as customer satisfaction and its potential impact on the bottom line. Despite the limited use of intangibles (operational and cost avoidance only), their application provides a basis for advancing our understanding of these techniques. Future research should extend this work through devising methods to analyse the measurement of intangibles that prove hard to quantify over extended periods of time. To assist in the development of improved cost-benefit models and methodology, future endeavours should examine and attempt to validate business cases similar to this one. Post hoc examination of a project and its projected numerical targets will assist both academics and practitioners in refining models while assisting in studies of the total cost of ownership.
C O N C L U S I O N
Successful justification of large-scale systems implementation projects often requires financial valuation, which in turn calls for monetary estimates of the benefits and costs that the project will entail. It is clear from the current business case and the literature review that certain anticipated benefits from systems projects are more challenging to quantify and attach financial value to than others. This dilemma is not restricted to information systems projects; in fact, in every business, function researchers and practitioners alike have begun to grapple with those benefits that are hard to quantify, the intangibles. The growth in importance of intangible factors parallels the movement from the product-and service-oriented economy to one that is based on effective decisions, knowledge and collaboration.
In this paper, information systems benefits have been classified with respect to several frameworks: tangible vs. quantitative, temporal, external vs. internal, hierarchical (strategic, tactical, operational), and based on organization factors and technology infrastructure standardization. It has been observed that benefits that are anticipated in the long term, that are strategic and are oriented organizationally are quite challenging to quantify and value finan-cially. On the other hand, short-term, operationally oriented and IT infrastructure benefits require relatively less effort to quantify and include in cost-benefit analyses. Paradoxically, ERP projects are often considered to be strategic imperatives, but are usually justified using operational factors.
The managers at PCC worked hard to present a fair analysis of the financial return of the ERP project. In their analysis, they included relatively tangible operational benefits often used to justify projects, e.g. reduced headcount, reduced inventory costs and increased employee productivity. However, PCC managers went one step further by attaching financial value to anticipated improvements in customer service level within the cost-benefit calculations. Customer service level, although not always considered to be a strategic or long-term benefit, is significantly more challenging to value financially than operational measures. Its link with the bottom line is not as clear as improvements in customer service and may depend on factors both outside the ERP system being evaluated and external to the PCC organization. The process that PCC followed to include customer service in their analysis demonstrates that intangibles can be included in financial calculations with careful consideration.
The escalating expense of information systems and their growing importance to organizations have made the justification of projects increasingly critical. This study demonstrated that traditional cost-benefit analysis can be applied to large-scale information systems projects such as infrastructure and ERP. Extending the traditional methodology, the study illustrated how intangible measures can be used to augment cost-benefit analysis and include what was once considered not measurable. This improved analysis provided PCC's managers with a more accurate and realistic view of the returns expected as a result of undertaking the ERP implementation.
